We determined the success rates, cardiovascular responses and airway morbidity for gum-elastic bougie-guided insertion of the ProSeal™ laryngeal mask airway. One hundred anaesthetized, non-paralyzed adults (ASA 1-2, aged 18 to 80 years) were studied. The ProSeal LMA drainage tube was primed with a well-lubricated 16 French gauge gum-elastic bougie with the curved end proximal and the straight end protruding 30 cm beyond the drainage tube tip. The straight end of the gum-elastic bougie was inserted into the oesophagus under laryngoscopic guidance, the laryngoscope removed and the ProSeal LMA inserted using the standard insertion technique and the gum-elastic bougie as a guide. The following variables were recorded: ease of insertion, oropharyngeal leak pressure, ventilatory capability, ease of gastric tube insertion, blood staining on the bougie or LMA at removal, and postoperative airway morbidity. Haemodynamic data were recorded immediately pre-insertion and every minute for five minutes after insertion. Gum-elastic bougie and ProSeal LMA insertion was successful at the first attempt in all patients within 50 seconds. There were no significant increases in heart rate or blood pressure. Oropharyngeal leak pressure was 33 (17-40) cmH 2 O and ventilation was possible without leak in all patients at 9.5 ml.kg -1 tidal volume. There were no drainage tube or gastric air leaks. Gastric tube insertion was successful at the first attempt in all patients. Blood staining at removal was not detected on the gum-elastic bougie, but was detected in 3% of ProSeal LMAs. The incidence of sore throat, dysphagia and dysarthria was 21%, 9% and 1% respectively. We conclude that gum-elastic bougie-guided insertion of the ProSeal LMA has a high success rate and is associated with minimal haemodynamic change and a low incidence of trauma.
The ProSeal™ laryngeal mask airway (LMA) (LMA Company, Henley-on-Thames, U.K.) is a new laryngeal mask device with a modified cuff to improve the seal and a drainage tube to provide access to the gastrointestinal tract 1, 2 . The ProSeal LMA can be inserted using digital manipulation (like the Classic™ laryngeal mask airway) or with an introducer tool (like the intubating laryngeal mask airway). The ProSeal LMA is more difficult to insert than the classic LMA with first attempt and overall insertion success rates of 83 to 100% and 98 to 100% respectively [1] [2] [3] [4] [5] [6] . The main causes of failed insertion are impaction at the back of the mouth, failure to guide the tip into the hypopharynx and the cuff folding over. The gum-elastic bougie is commonly used as a tracheal guide during difficult intubation, and we speculated that it could also be used as an oesophageal guide during difficult ProSeal LMA insertion. In the following preliminary study, we determine the success rates, cardiovascular responses and airway morbidity for bougie-guided insertion of the ProSeal LMA.
METHODS
With ethics committee approval and written informed consent, we studied 100 patients (ASA 1-2, aged 18 to 80 years) scheduled for non-head/neck elective surgery. Patients were excluded if they had more than one symptom of gastro-oesophageal reflux per week, oesophageal disease, mouth-opening less than 2.5 cm or a known difficult airway. Monitoring was applied preinduction and included an electro-cardiograph, pulse oximeter, non-invasive blood pressure monitor, gas analyser, tidal volume monitor and airway pressure monitor. The ProSeal LMA (size 4, female; size 5, male) was prepared pre-induction by passing a well-lubricated 16 French gauge (FG) gumelastic bougie (Eschmann tracheal tube introducer, SIMS Portex Limited, U.K.) down the drainage tube such that the curved end of the bougie was just protruding from the proximal end of the drainage tube and the straight end of the bougie protruded approximately 30 cm from the distal end of the drainage tube. Anaesthesia was in the supine position with the patient's head on a standard pillow 8 cm in height. Midazolam 0.02 mg.kg -1 and fentanyl 1.0 µg.kg -1 were administered. Patients were pre-oxygenated for three minutes. Anaesthesia was induced with propofol 2 to 3 mg.kg -1 given over 30 seconds and the ProSeal LMA inserted when there was no response to jaw thrust 7 . Additional boluses of propofol 0.5 mg/kg were given as required until an adequate level of anaesthesia was achieved for placement. Anaesthesia was maintained with sevoflurane 1 to 3% in oxygen. Facemask ventilation was performed until conditions were suitable for insertion.
The bougie-ProSeal LMA insertion technique was as follows: 1) the posterior glottis was identified under direct vision with a Macintosh laryngoscope; 2) the straight end of the gum-elastic bougie was directed into the oesophagus; 3) the laryngoscope was removed; 4) with the assistant holding the curved end of the bougie, the ProSeal LMA was flattened against the hard palate and inserted using digitalguidance with the head/neck in the sniffing position 8 ; 5) the bougie was withdrawn while holding the PLMA in position; 6) the PLMA was connected to a circle anaesthesia breathing system and the cuff inflated with air until an effective airway was established or the maximum recommended inflation volume reached (30 ml, size 4; 40 ml, size 5). An effective airway was judged by a square-wave capnograph trace and no audible leak with peak airway pressures ≥12 cmH 2 O during manual ventilation. The ProSeal LMA was removed and reinserted if air leaked up the drainage tube, or there was airway obstruction, or the bite-block protruded from the teeth or gums.
Once an effective airway was obtained, the intracuff pressure was set at 60 cmH 2 O using a digital manometer (Mallinckrodt Medical, Athlone, Ireland) and the oropharyngeal leak pressure was determined (9) . Any gastric insufflation was noted during oropharyngeal leak pressure testing by listening over the epigastrium with a stethoscope 10 . A welllubricated, 60 cm long, 15 FG gastric tube was in-serted through the drainage tube if there was no air leak up the drainage tube. Correct gastric tube placement was assessed by suction of fluid or detection of injected air by epigastric stethoscopy.
Patients were ventilated at an inspired tidal volume of 12 ml.kg -1 , a respiratory rate of 12/min and an inspiratory: expiratory ratio of 1:2. Peak airway pressures, the presence/absence of oropharyngeal air leaks (detected by listening over the mouth (9) ), gastric air leaks (detected by listening with a stethoscope over the epigastrium (10) ), drainage tube air leaks (detected by placing lubricant over the proximal end of the drainage tube), or an end-tidal CO 2 of more than 45 mmHg was noted. If leaks were detected, the tidal volume was reduced until they ceased.
The number of insertion attempts was recorded. A maximum of two attempts was allowed before insertion was considered a failure. A failed attempt was defined as removal of the ProSeal LMA or gumelastic bougie from the mouth. Any tactile resistance to bougie insertion or ProSeal LMA insertion was noted. The time between picking up the ProSeal LMA or laryngoscope and obtaining an effective airway was recorded. Any episodes of hypoxia (SpO 2 <90%) or other adverse events were documented. Any blood staining on the bougie or ProSeal LMA was noted at removal. The mouth, lips and tongue were inspected for evidence of trauma. Patients were questioned about sore throat, dysphagia and dysarthria before discharge to the ward. All cases were conducted by anaesthetists with experience of more than 100 uses of the ProSeal LMA. Data were collected by unblinded observers. Statistical analysis was with ANOVA repeated measures. Data are mean (SD±range) unless otherwise stated. Significance was taken as P<0.05.
RESULTS
The mean (range) height, weight and body mass index was 170 (149-197) cm, 81 (45-148) kg and 29 (16-46) kg.m -2 respectively. The male: female ratio was 48:52. Insertion of the PLMA was successful at the first attempt in all patients. No tactile resistance was encountered during bougie or ProSeal LMA insertion. The time to achieve an effective airway was 25±14 (15-50) s. Oropharyngeal leak pressure was 33±8 (17-40) cmH 2 O. Ventilation was possible without leak in 94 of 100 patients at 12 ml.kg -1 tidal volume and all patients were without air leaks at 9.5 ml.kg -1 tidal volume. There was no episode of hypercapnoea. Peak inspiratory pressure at 12 ml.kg -1 tidal volume was 22±6 (14-40) cmH 2 O. There was no drainage tube or gastric air leak during oropharyngeal leak pressure testing or ventilation. There were no significant increase in heart rate or blood pressure. The heart rate pre-insertion and at 1, 2, 3, 4 and 5 minutes post insertion was 70±12 and 71±8, 72±7, 69±12, 68±11 and 68±12 beats per minute (bpm) respectively. The mean blood pressure preinsertion and at 1, 2, 3, 4 and 5 minute post insertion was 81±13 and 76±12, 73±14, 73±8, 74±9 and 74± 11 mmHg respectively. Gastric tube insertion was successful at the first attempt in all patients. Blood staining at removal was not detected on the gumelastic bougie, but was detected on 3% of ProSeal LMAs. There was no episode of hypoxia or other adverse event and no evidence of mouth, tongue or lip trauma. The incidence of sore throat, dysphagia and dysarthria was 21%, 9% and 1% respectively. There was no difference between males and females.
DISCUSSION
We found that gum-elastic bougie-guided insertion of the ProSeal LMA was feasible. The first attempt insertion success rates were higher than reported for the digital 2,5 and introducer-guided techniques 2 . Insertion time was similar to other insertion techniques 2, 5 . There was no tactile resistance at the back of the mouth, suggesting that the gum-elastic bougie facilitates circumnavigation of the oropharyngeal inlet. The lack of air leakage from the drainage tube, the easy passage of the gastric tube, the high oropharyngeal leak pressure and the high success rate for ventilation suggests that the ProSeal LMA was correctly positioned in the pharynx.
We found no changes in heart rate or blood pressure during bougie-guided insertion. We consider that the haemodynamic stress response to laryngoscopy was attenuated because less upward force is required to see the posterior than the anterior glottis. Interestingly, two studies have shown that the haemodynamic responses to laryngoscope-guided insertion of the Classic™ LMA are similar to the standard technique 11, 12 , but one has shown a greater response for laryngoscope-guidance 13 . There are no studies determining the haemodynamic stress response to ProSeal LMA insertion, but our data suggests this will be similarly low to the Classic™ LMA 14 .
We found blood staining on the surface of the ProSeal LMA in 3% of patients. In contrast, blood staining was found in 18% (34/192) of patients using the digital insertion technique 5 . We speculate that by avoiding impaction at the back of the mouth, the gum-elastic bougie will reduce the frequency of trauma. We detected no blood on the bougie after removal, suggesting that oesophageal mucosal trauma does not occur during passage of the bougie. To investigate this issue further, one of the authors (JB) tested the bougie for occult blood on 37 patients, and none was detected. Testing for occult blood is a much more sensitive test of trauma since the ratio of visible to occult blood is approximately 1:6 15 . The technique used was to wash the bougie in 100 ml water for not less than two minutes to ensure haemolysis of adherent blood and to then test it with a dipstick for haemoglobin, as described by Parker and Day 15 . We found that the incidence of sore throat, dysphagia and dysarthria was similar to the digital insertion technique 5 .
The gum-elastic bougie ProSeal LMA technique could be used as an alternative to the digital and introducer insertion techniques, as a backup technique for when these techniques fail, and in failed tracheal intubation where the bougie is accidentally inserted into the oesophagus and rapid control of the airway is required. The main dangers of the bougie technique are stimulation of the patient during laryngoscopy and oesophageal trauma. We used a lack of response to jaw thrust, as suggest by Asai et al 7 for Classic™ laryngeal mask airway insertion, to indicate adequate anaesthesia depth. Iatrogenic oesophageal trauma from the passage of a tracheal or gastric tube is extremely rare and is usually associated with difficulty during placement 16 or anatomical abnormalities such as an oesophageal pouch 17 . Assuming a binomial distribution for the incidence of adverse events, the upper limit for the probability when no adverse events have been observed in 100 patients is 0.041 18 . Therefore we can only state with 95% confidence that the bougie-guided technique is safe in at least 96% of healthy patients. However, until more data are available, we cannot recommend the use of the gum-elastic bougie as a first line insertion technique. Avoiding force during passage of the bougie into the oesophagus should eliminate the risk of oesophageal trauma.
We conclude that gum-elastic bougie-guided insertion of the ProSeal LMA has a high success rate and is associated with minimal haemodynamic change and a low incidence of trauma.
